Introduction: To assess the prevalence of dental caries in smokers and smokeless tobacco (ST) users and compare it with that of nonusers. Materials and Methods: A sample of 549 patients of both genders within 18-75 years, visiting the Department of Oral Medicine and Radiology, were categorized as follows: Group A-199 patients who smoked tobacco, Group B-150 patients who use ST, and Group C-200 patients with no habit of tobacco usage. A clinical examination of dental caries was conducted using Black's criteria, and habit duration, frequency, form, and the type of tobacco used were recorded. The obtained data were statistically analyzed by Kruskal-Wallis analysis of variance with post-hoc Conover test using the Statistical Package for the Social Sciences software. Results: The study revealed a higher prevalence of dental caries in the control group (mean-2.78) followed by the group with ST usage (mean-2.36) and then the group with smokers (mean-2.23), with the age range within 26-35 years having statistical significance of P < 0.001. In all the three groups, the prevalence of dental caries was more among males rather than females. Conclusion: There was a high prevalence of caries in control patients followed by ST users when compared to the group with smoking habit. The higher presence of caries in the ST usage group might be due to the presence of sweeteners in tobacco-chewing agents. Caries prevalence was less among smokers probably to thiocyanate (anticariogenic) activity in their saliva.
INTRODUCTION
Globally, the deleterious and hazardous effects of cigarette smoking and other tobacco usages affect public health. [1] According to currently available records, approximately 5 million people are under the direct adverse influence of continued tobacco use. Furthermore, it is assumed that this number would increase to 10 million by the year 2030, with 70% of deaths occurring in low-and middle-income countries. [1] Cigarettes, cigars, and pipe tobacco are the usual forms of tobacco smoking. [2] Cigarettes are the widely used tobacco products, which are often smoked globally. [3] Across the world, about 1.1 billion adults (29% of the adult population) are cigarette smokers. [4] Smokeless tobacco (ST) includes products that are consumed orally. They are of two major forms: snuff and chewed form. Snuff may be available in the form of moist or dry bolus, the former being taken as oral snuff and the latter usually inhaled through the nose. While chewing, the ST variety is usually placed in the buccal vestibule of the oral cavity. It is called as "chaw" or "quid" and exists in three different formulations: loose leaf, plug, and twist. [5] ST is most commonly consumed in Scandinavian countries compared to the other parts of Europe. They are also consumed in other countries growing tobacco crop such as India and the United States. Among the ST types, snuff is very common in Sweden (locally known as suns). [6] In India, many tobacco consumption patterns are used because many tobacco products are commercially available. On the basis of the form of tobacco usage, many tobacco products are available, that is, raw, processed mixtures, and pyrolyzed forms. [7] The raw forms consist of the flakes of plain tobacco leaves mixed with lime, areca nut, and/or other condiments, which are sun cured or air cured. Mishri, bajjar, etc., which are pyrolyzed forms, are used as dentifrices. In some parts of India, oral snuff is used. [7] After the introduction of gutka, the marketing and commercial production of ST has been up scaled. In India, cigarette smoking is the most common pattern of tobacco consumption. [7] Various studies had reported tobacco smoking as a risk factor for periodontal disease and increased tooth loss. [8] Previous studies reported that with the number of cigarettes smoked per day and the duration of years, they noticed a relationship between the prevalence and severity of periodontal disease. [9] Dental caries is a polymicrobial disease caused by various associations and is not infectious. [10] It is considered a dietand pH-dependent process due to the acid demineralization of the tooth enamel by sugar-fermenting microorganisms. [11] The data on dental caries prevalence in tobacco smokers and chewers were not completely known. The literature discussed both the increased and decreased prevalence of dental caries in tobacco users. However, such data are sparse from the Indian subcontinent. Thus, the objective of the study was to assess the prevalence of caries in smokers and ST users and compare it with that of nonusers using caries index. It may be emphasized that the objective of the study does not cover the prevalence of caries in patients with multiple tobacco-related habits.
MATERIALS AND METHODS
The present observational study was designed to estimate the prevalence of caries in the patients who have been using tobacco in either smoking or smokeless forms. The study was conducted in the Panineeya Institute of Dental Sciences, Hyderabad for a period of one year between June 2015 and June 2016. The ethical clearance number allotted was PMVIDS and RC/IEC/ OMR/PR/0046-15. The institutional ethical review board approved the study protocol, and written proper consent was obtained from the patients. All the patients were recruited in accordance with the ethical standards of the responsible committee on human experimentation.
A clinical oral examination was performed on 549 individuals. Dental caries scores using Black's classification [12] was recorded in all the individuals attending the outpatient department. There were two examiners allotted for examining the oral cavity after preliminary data were entered in standard pro forma. Primary investigator was the sole authority for deciding if there were difficulties in the implementation of the examination protocol.
A simple random sampling was performed during recruitment. All 549 patients of both gender and aged between 18 and 75 years were categorized into three groups. Group A had 199 patients who were habitual smokers with a history of habit for a minimum of 6 months. A thorough clinical examination was conducted along with dental caries scores using Black's classification. Similarly, Group B had 150 patients with a history of tobacco usage in smokeless form and had abused it since 6 months. Group C comprised the control group, with 200 patients who did not have any smokeless or smoking tobacco habit. All data pertaining to the habit duration, type, frequency, and form were recorded in a preformed pro forma. Conversely, patients who were clinically diagnosed with dental fluorosis were excluded from the study. The results, thus, obtained were statistically evaluated using Kruskal-Wallis analysis of variance with post-hoc Conover test using the Statistical Package for the Social Sciences version 2015 software (SPSS Inc., Chicago, IL, United States). A probability level of P < 0.05 was considered to be statistically significant.
RESULTS
The study population comprised 549 patients, out of which, Group A had 199, Group B had 130, and Group C had 200 patients.
The results obtained are listed in the forthcoming paragraphs. Criteria taken into consideration for tobacco smoking and ST usage groups were type, frequency, time, and duration in years.
Group A: Negative correlation (−258) was obtained between the type of tobacco usage and dental caries, whereas positive correlation was derived between frequency (0.321), duration (0.807), and caries score.
Group B: Significant correlation was obtained among "type" (0.219), "duration" (0.334), and dental caries score, whereas a negative correlation (−178) was found between frequency and caries score.
On the basis of the assigned criteria, summarizing the obtained data in smoking tobacco cluster, type, frequency, and duration were found to be statistically significant. Conversely, the time factor was insignificant. The ST usage group had also shown similar findings [ Table 1 ]. The proportion of males was found to be more when compared to females in all the groups.
Group A characteristics: The habit of cigarette smoking was found to be dominating in comparison to beedi smoking. A total of 118 patients had a history of smoking 1-5 times/day, and 176 patients reported a time duration of smoking for 1-5 s. A total of 65 patients reported a duration of smoking for <5 years [ Table 2 ]. Caries was reportedly found in 123 males, while females in the age range of 26-35 years had no caries.
Group B characteristics: A maximum number of volunteers had the habit of zarda chewing followed by gutka chewing and snuff usage. A total of 77 patients had a history of zarda/ gutka chewing for at least 1-5 times/day, and 99 volunteers reported having it for less than for 5 min time duration. About half of the patients had given a history of duration of habit for a minimum of 5 years [ Table 2 ]. Caries association was found in 74 males and 15 females in the age range of 26-35 years.
Group C characteristics: Out of 200 patients, dental caries association was found in 103 males and 88 females in the age range of 26-35 years of age.
This study showed an inclination of the prevalence of dental caries more in the control group within the age range of 26-35 years followed by the group with ST usage and then the group with individuals who smoked tobacco [ Table 3 ].
In summary, there was more prevalence of dental caries in the following descending order of study groups: control group > ST > smoke tobacco. There was significant difference in mean caries score among the three groups (P < 0.001). Posthoc test showed that controls had significantly higher mean caries scores than the groups with smokers and ST usage. However, no significant difference was observed between the groups with smoking habit and those with ST usage with respect to mean caries scores [ Table 4 ].
DISCUSSION
Dental caries is a multifactorial disease characterized by the demineralization of the inorganic portion and the destruction of the organic substance of the calcified tissue of the tooth, which often leads to cavitation.
Gender and age characteristics
In 1990, Zitterbart reported that smokers had significantly higher decayed, missing, and filled teeth (DMFT) score, untreated decayed surfaces, and missing surfaces, which confirmed an association between smoking and the prevalence of dental caries in adult males. He further correlated that the more the cigarettes were smoked per day, the more the missing teeth were noted in a smoker's mouth. In this study, males had a more prevalence of dental caries than females. [13] Dental caries versus smoking tobacco use
Smoking and its relation to dental caries is a subject of controversy. Early reports in literature indicated that dental caries were reduced in individuals having a smoking habit, which suggests that smoking actually reduces dental caries. [11, 14, 15] Schmidt, in 1951, reported that an increase in tobacco smoking led to a decrease in dental caries rate supporting the belief of previous studies. [16] The concentration of thiocyanate, a constituent of tobacco smoke, has possible caries-inhibiting effect. It was found to be higher in smoker's saliva, thus depicted that smoking had inhibitory effect on smoking. [17] On the other hand, few studies also stated that increased susceptibility to dental caries might be due to possible lower pH levels, a decreased buffering capacity of smoker's saliva, and the higher number of lactobacilli and Streptococcus mutans. [17, 18] Results from few studies reported that salivary flow rates between smokers and nonsmokers showed no significant differences. [19] To date, significant correlation between smoking frequency and dental caries was found, [20] [21] [22] [23] which was similar to the finding of our study.
In 2007, Dietrich et al. studied tobacco use and the incidence of tooth loss among US male healthcare professionals. They found that the data on the dose-dependent effect of smoking and smoking cessation on tooth loss were scarce. They hypothesized that smoking had both dose-and timedependent effects on tooth loss incidence. [24] A study conducted on heavy smokers attending a military academy showed a prevalence of caries, confirming a correlation between the disease and tobacco use. [25] All of these studies had shown a positive correlation between tobacco use, duration, and type with dental caries.
Dental caries versus smokeless tobacco use
The literature on ST use with either increasing or decreasing dental caries incidence is scarce. Few studies had reported the evidence linking ST use with an increased prevalence of dental caries. [25, 26] In contrast is the case reported by Zitterbart et al., which did not find any evidence of dental caries in the area where quid was placed. [27, 28] Some researches assessed the percentage of the highest amount of caries-promoting factors such as sugar and cariesinhibiting chemicals such as fluoride in commercially available ST forms. [29] Generally, ST presented a significant role factor for the promotion and development of dental caries. [30] More dental caries were reported in individuals who chewed tobacco than nonusers. [2] Similar findings were reflected from our study results. Data from the multipurpose health survey (Third National Health and Nutrition Examination Survey) conducted in the USA from 1988 to 1994 were used to examine the relationship between chewing tobacco and the other forms of tobacco use and decayed or filled coronal or root surface caries. The results of the study stated that tobacco chewers had a slightly higher mean for decayed and filled coronal surfaces than individuals using the other forms of tobacco. In addition, the mean number of decayed and filled root surface for those who used chewing tobacco was four times higher than nonusers. [31] A limited number of epidemiological and experimental results suggested an association between ST usage and dental caries. It seemed that ST played an important role in increased caries activity. This study demonstrated that the prevalence of caries was significantly higher in controls, followed by ST users, and the least in individuals who had a habit of smoking.
The reason could have been was the high sugar content in tobacco chewers in the commercial form of gutka. The high prevalence of caries in controls who did not use any form of tobacco could be attributed to poor oral hygiene coupled with an increased consumption of refined carbohydrate foodstuff.
The higher prevalence of dental caries in the control group followed by the ST usage group and then the smoking group was probably due to the presence of thiocyanate in the saliva of smokers, which inhibited cariogenic bacteria in them. Conversely, the higher presence of caries in ST usage group might be due to the presence of sweeteners in tobacco-chewing agents. The higher caries prevalence in controls could be due to various caries initiation factors, coupled with a probability of no mechanical clearing effect of plaque such as in the ST usage group.
LIMITATIONS
The study was not without limitations. The finding in the study could have reflected more accurately if there was equal, sample distribution among all the three groups with a definitive radiographic evaluation of the suspicious caries of the teeth in addition to clinical examination. There could have been clinical selection bias in the diagnosis of dental caries. Interobserver variability was not assessed, and the sample selection from a single center may have led to variations in the study results, which did not reflect the actual prevalence of disease in the population. Thus, we suggest conducting further studies to overcome the aforementioned flaws.
CONCLUSION
Contrary to the number of studies showing dental caries in smokers, this study demonstrated that the tobacco smokers had less caries when compared to ST chewers. The alarming result of nonhabit controls having increased carious teeth is a matter of concern and requires immediate addressal.
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